The green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae), is an important insect pest of a canola crop Brassica napus L., in Ardabil, Iran. Host plant resistance is an essential component of the integrated management of M. persicae. In field experiments, the population density of M. persicae was higher on Zarfam and lower on Ebonite, Elite, Okapi, RGS003, and Opera among the 19 canola cultivars during 2008 and 2009. In a free-choice situation, the numbers of attracted aphids per plant was lowest on Opera (1.2). In the life table study, aphids reared on Opera had the shortest adult longevity (8.3 days), lowest numbers of progeny per female (15.4) and the lowest survival rate (62.5%) compared to the other five cultivars. The intrinsic rate of the natural increase (r m ) and population growth rate (l) were lowest on Opera and highest on Zarfam. The generation time (T) was shortest on Opera (11.7 d) and longest on RGS003 (13.1 d), whereas the doubling time (DT) was longest on Opera (3.58 d) and shortest on Zarfam (2.26 d). Our results clearly suggest that Opera was the highest resistant host among the tested cultivars and has the potential to be used in the integrated management of M. persicae.
INTRODUCTION
Canola, Brassica napus L., is an important oilseed crop in Iran; in the Ardabil region alone, for example, its cultivation extends over more than 13,000 ha annually. The major insect pests of canola in this region are the diamondback moth, Plutella xylostella (L.), the green peach aphid, Myzus persicae (Sulzer), the crucifer flea beetle, Phyllotreta cruciferae Goeze, the onion thrips, Thrips tabaci (Lindeman), and the leafminer, Chromatomyia horticola Goureau (Asghari et al., 2009; Fathi, 2010) .
The green peach aphid, Myzus persicae (Sulz.) (Hemiptera: Aphididae), is one of the most serious pests of brassicaceous crops in Iran. This aphid causes both direct and indirect damage to brassicaceous plants by transmitting important viruses (van Emden et al., 1969; Cole, 1997; Gabrys and Pawluk, 1998; Blackman and Eastop, 2002) . Growers largely rely on insecticide applications to control aphid infestation; however, this aphid quickly develops resistance to insecticides due to its higher fecundity and shorter generation time (Clements et al., 1999; Fuentes-Contreras et al., 2004; Ghadamyari et al., 2008) . Failure of insecticides to successfully control M. persicae and their potential adverse impacts on the environment have prompted the use of alternative approaches, such as host plant resistance and biocontrol agents (Smith, 1989; Tatsumi and Takada, 2005; Seko and Miura, 2008) .
Host plant resistance is an effective strategy of integrated pest management programs that can reduce initial infestations by M. persicae and therefore minimize the usage of insecticides. The three essential modalities of host plant resistance are antixenosis, antibiosis and tolerance (Painter, 1951) . For aphids, antixenosis and antibiosis can be effective in preventing their population from reaching economic damage levels (Kennedy et al., 1987) . Myzus persicae respond differently to various plant species and cultivars within a species (Cole, 1997; Sauge et al., 1998; Alvarez, 2007; Davis et al., 2007) ; however, to our knowledge, no previous study has compared the preferences and perform-ance of M. persicae on new cultivars of canola commercially grown in Iran and elsewhere.
Canola cultivars, namely Talayh, Jewel, PF/7045/91, Licord, SIM043, SIM046, Elvis, Zarfam, RGS003, Opera, Okapi, Ebonite, Elite, Orient, Option500, Hyola60, Hyola308, Adder and Hyola401, have recently been introduced in Ardabil. Currently, Zarafam, Okapi and Ebonite are being planted in more acreage compared to the other tested canola cultivars in this research. The present study was designed to compare the preference and performance of M. persicae on the canola cultivars mentioned above under field and controlled conditions. Therefore, the purpose of this study was to (a) estimate the population density of M. persicae on canola cultivars under field conditions, (b) determine the attraction preference of M. persicae on canola cultivars in a free-choice test under controlled conditions, and (c) study the life Preference study. Preference experiments were conducted in a climate chamber at 25Ϯ1 o C and 50Ϯ5% RH under 14L10D using 10 plastic containers (experimental unit, 100 cm diameter and 50 cm depth), and each container was considered a replicate. One plant from each cultivar was randomly placed around the 48 cm diameter circle at regular intervals in each experimental unit (N 10 for each cultivar). Sixty one-day-old viviparous aphids were starved in a Petri dish fitted with a mesh lid for 12 h prior to testing to standardize their level of hunger. These aphids inside the Petri dish were transferred to the center of the circle of each experimental unit and were allowed to move to tested cultivars for 48 h. The numbers of aphids found on each plant were counted.
Life table study. The life history parameters of M. persicae were studied on six canola cultivars in a climate chamber at 25Ϯ1 o C and 50Ϯ5% RH under 14L10D using clip cages (6 cm diameter and 1.5 cm depth) established on seven-day-old leaves of each potted plant (N 10 for each cultivar). Viviparous apterous aphid adults were individually placed on the lower surface of a predetermined leaf of the potted plant of each cultivar, and each leaf containing an aphid was confined with a clip cage.
After 24 h, one nymph was left in each cage and the aphid mother and other progeny were removed. Each clip cage was considered a replicate and seven clip cages were established on each plant of each cultivar. Daily observations were made to determine the development time and survival rate of the nymph until adult emergence.
To determine the fecundity on each cultivar, a one-day-old viviparous aphid that was reared during nymphal stage on the same cultivars was transferred to an oviposition clip cage (6 cm diameter and 1.5 cm depth fitted with mesh lids) attached to a seven-day-old leaf of the corresponding potted plant. The cage was monitored daily in order to count the number of progeny on the leaf inside the clip cage. The aphid mother inside the cage was then transferred to a new clip cage established on another leaf of a plant of the same cultivar. If a viviparous aphid died within the first 24 h, it was replaced with a newly emerged aphid. This study was continued until the death of the aphid mother in all cages. In this experiment, the age-specific fecundity of M. persicae was recorded on each canola cultivar. Non-born progeny aphids were also included in the calculations of longevity and fecundity of aphids.
Data analysis. In order to correct for the heterogeneity of variance, data on the preference test and life table parameters were log-transformed prior to analysis; however, data on the survival rate were arcsine-transformed. In field experiments, data on the population density of aphids in two years were analyzed by combined analysis, a completely randomized block design in two years (PROC GLM; SAS Institute, 2005) . Data on the preference study were analyzed using one-way ANOVA. Data on the life cycle parameters of M. persicae were analyzed using two-way ANOVA (potted plants as block and cultivars as treatments). Because of an insignificant effect of blocks, analysis of variance was carried out as one-way ANOVA by pooling block effects with experimental error. Differences were compared using Tukey's HSD test or the Student-Newman-Keuls test (PROC ANOVA; SAS Institute, 2005) .
The following equations were used to calculate the life table parameters of M. persicae (Birch, 1948; Laughlin, 1965) 
Where, x is the age of the immature and mature stages in days, l x is survival of the immature and mature stages until x, and m x is the number of born progeny at age x.
To compare the r m values and other life table parameters on six canola cultivars, the jackknife technique was used (Maia et al., 2000) . After calculating r m for the original data (r all ), the jackknife pseudo-value (r j ) was computed for n samples using the following formula:
The jackknife pseudo-value (r j ) for each cultivar was analyzed using one-way ANOVA and the differences were compared using Tukey's HSD test (SAS Institute, 2005) .
RESULTS

Field experiments
The number of aphids per plant was significantly different among the 19 canola cultivars in two years (Fϭ26.4; dfϭ18, 540; pϽ0.0001) (Fig. 1) . In 2008, the number of aphids per plant was highest on Zarfam (53.4) and lowest on Ebonite (7.62). Comparatively, RGS003, Opera, Elite and Okapi cultivars had a lower aphid population density than on the other canola cultivars, except Ebonite (Fig.  1) . In 2009, the highest number of aphids per plant was observed on Zarfam (55.5). Also, it appeared that the population density of aphids on RGS003, Opera, Elite, Okapi and Ebonite was significantly lower than on the other tested cultivars (Fig. 1) .
Preference study
Canola cultivars significantly affected the host preference of M. persicae (Fϭ13.8; dfϭ5, 24; pϽ0.0001) (Fig. 2) . The mean number of aphids found on Opera and Elite was significantly lower than Ebonite and Zarfam. The highest number of aphids was found on Zarfam (27.8). Mean numbers of aphids did not differ significantly among RGS003, Okapi, Elite and Opera, and were signifi- (Fig. 2) .
Life table study
Host plants had significant effects on the development time of nymphs (Fϭ9.45; dfϭ5, 121; pϽ0.0001) ( Table 1) . Nymphal development was significantly slower on Ebonite, Elite, RGS003 and Opera than on Zarfam and Okapi (Table 1) . The longevity and fecundity of viviparous aphids varied significantly when reared as nymphs on the canola cultivars tested (Fϭ14.3; dfϭ5, 121; pϽ0.0001 and Fϭ17.9; dfϭ5, 24; pϽ0.0001) ( Table 1) . The longevity and fecundity of viviparous aphids were significantly lower when reared as nymphs on Opera than on the other tested cultivars. The longevity and fecundity of viviparous aphids were similar on the remaining five canola cultivars tested 604 S. A. A. FATHI et al. ( Table 1) . Canola cultivars had a significant impact on the survival rate of the immature stages (Fϭ26.95; dfϭ5, 115; pϽ0.0001) (Fig. 3) . The survival rate was lowest on Opera (62.5%) and highest on Zarfam (91.7%). For all canola cultivars, the survival rates decreased in the following order: Zarfam, Ebonite, Elite, RGS003 and Okapi (Fig.  3) .
The population growth parameters of M. persicae reared on the six canola cultivars are shown in (Table 2) .
DISCUSSION
Our results indicated that the population density of M. persicae was lower on RGS003, Opera, Elite, The intrinsic rate of the natural increase (r m ), net reproductive rate (R 0 ), finite rate of increase (l), generation time (T) and doubling time (DT). Means followed by different letters within a column are significantly different (Student-Newman-Keuls test; pϽ0.05).
Okapi and Ebonite cultivars and higher on Zarfam cultivar among the 19 canola cultivars in the field experiments during 2008 and 2009. The low population of this aphid on these five cultivars might result in less damage and yield loss. Biotic and abiotic factors in field conditions could be affecting the population density of M. persicae on canola cultivars (Athanassiou et al., 2003; Desneux and Ramirez-Romero, 2009 ); therefore, we investigated the preferences and performance of M. persicae on Zarfam, RGS003, Opera, Elite, Okapi and Ebonite cultivars under controlled conditions. This study demonstrated that the host preference of M. persicae varied among the tested canola cultivars, and Zarfam was the most preferred, whereas Opera was the least preferred cultivar in terms of attraction. Earlier reports suggest that differences in resistance can vary between plant species and among cultivars within the same species (van Emden and Bashford, 1971; Rowell-Rahier, 1978; Cole, 1997; Gabrys and Pawluk, 1998; Alvarez, 2007) . Myzus persicae respond differently to the physical and chemical properties of host plants (Cole, 1997; Alvarez, 2007; Margaritopoulos et al., 2007) and attraction differences in the present study could be attributed to the physical structures and/or chemical profiles of the cultivars tested. Differences in leaf trichome density that could be related to resistance were not discernible among Opera and Zarfam cultivars; however, the Zarfam cultivar has glossy leaves and Opera has nonglossy leaves. Also, no comparable data exist on the glucosinolates profiles of Opera and Zarfam cultivars. It was reported that trichome density on leaf surfaces could have a negative effect on M. persicae attraction (van Emden et al., 1969; Alvarez, 2007) .
Our results indicated that canola cultivars had significant effects on the development, survival and reproduction of M. persicae. The development of immature stages was fastest on Zarfam (7.3 d) and slowest on Opera (8.7 d). In the present study, the fecundity and survival rate were lowest when viviparous aphids had been reared in their nymphal stage on Opera. The intrinsic rate of the natural increase and population growth rate were lowest on Opera and highest on Zarfam. The generation time was shortest on Opera (11.7 d) and longest on RGS003 (13.1 d), whereas the doubling time was longest on Opera (3.59 d) and shortest on Zarfam (2.26 d). Our data indicated that the population growth of this aphid on Opera was restricted mostly by the longer development time of the nymphal stage, lower survival rate and lower fecundity. Based on the population growth parameters, we conclude that Opera was the least suitable and Zarfam was the most suitable host plant for M. persicae. The resistance of canola cultivars would be likely due to differences in host plant quality, levels of phagostimulant compounds and defensive metabolites (van Emden et al., 1969; van Emden and Bashford, 1971; Rowell-Rahier, 1978; Cole, 1997; Alvarez, 2007; Margaritopoulos et al., 2007) . No study has addressed the intrinsic rate of the natural increase of M. persicae on canola cultivars. The intrinsic rate of the increase of M. persicae on plant species and/or cultivars within the same species varies depending on the physical and/or chemical profiles of host plants (Fernandez-Quintanilla et al., 2002; Vasicek et al., 2003; Davis et al., 2007) ; for example, Davis et al. (2007) demonstrated that the intrinsic rate of the increase of M. persicae on potato cultivars was lowest (0.167) on Russet Norkotah and highest (0.335) on Red La Soda. Temperature is another factor that affects the life table parameters of M. persicae; for example, Murai and Tsumuki (1996) reported that the net reproductive rate and intrinsic rate of the increase of M. persicae on radish were 61.5 and 0.21 at 15 o C, and 60.6 and 0.33 at 20 o C, respectively. Ohta and Ohtaishi (2002) measured the life history parameters of apterous viviparous M. persicae reared on white radish, qing-geng-cai, at three constant temperatures, and concluded that the adult fecundity and longevity peaked 20°C, but the intrinsic rate of the population increase was as high as 0.42 at 25°C.
In summary, Opera was the least suitable (most resistant) and Zarfam was the most suitable (least resistant) host plant for M. persicae among the canola cultivars tested. Myzus persicae is a multivoltine pest of brassicaceous crops (van Emden et al., 1969) . The slowest development rate and lowest intrinsic rate of the natural increase of M. persicae on Opera would result in a lower population growth that in turn should lead to lower subsequent infestations by this pest. Also, plants responsible for antibiotics may have an indirect effect by increasing the exposure of the insect to its native natural enemies as a result of a prolonged develop-mental time (Desneux and Ramirez-Romero, 2009 ). Using resistant cultivars has an important role in the IPM of M. persicae in Iran, but the resistance level of Opera cultivar reported in this paper is not sufficient to achieve adequate control of M. persicae. Using resistant cultivars in combination with biological control agents and novel insecticides could be a useful strategy in the integrated pest management of M. persicae (Tatsumi and Takada, 2005; Desneux and Ramirez-Romero, 2009 ). Therefore, further research is required to investigate the potential of using Opera cultivar in combination with novel insecticides and biocontrol agents, especially for the dominant native parasitoid, Diaeretiella rapae (McIntosh), in the integrated management of M. persicae.
